INTRODUCTION
Oil shale is a fine-grained sedimentary rock that contains kerogen, an indigenous organic material insoluble in ordinary organic solvents, and yields significant amounts of oil when heated. Potential oil shales are herein defined as those portions of stratigraphic units that will yield at least 4 gal/ton (17 1/mt) of oil by Fischer assay so that they may have economic potential sometime in the future.
The largest resources of oil shale and the most extensively examined deposits are in the Green River Formation of northwestern Colorado, southwestern Wyoming, and northeastern Utah. The Green River oil shales overshadow all other oil shales of the western U.S., but that does not mean that the other deposits should be ignored. Deposits in the Elko Formation near Elko, Nevada, in many respects resemble those of the Green River Formation but are less extensive and structurally more complex. The Elko oil shales yield up to 85.5 gal/ton (358 1/mt) and contain at least 191 million barrels (30 million nr) of oil. For comparison, the Green River oil shales yield up to about 100 gal/ton (417 1/mt) and contain approximately 1.8 trillion barrels (0.3 trillion m^) of oil. The Catlin Shale Products Co. produced about 12,000 barrels of shale oil at Elko during the period [1917] [1918] [1919] [1920] [1921] [1922] [1923] [1924] [1925] [1926] [1927] [1928] [1929] [1930] and outperformed all other U.S. oil shale operations at the time. It is conceivable that the Elko Formation, which is somewhat younger than the Green River Formation, may once have covered a large part of northeastern Nevada and was subsequently deformed and mostly either buried or eroded away.
Shales in the Phosphoria Formation and in Tertiary lake beds in southwestern Montana, black shales in the Three Forks Formation and Quadrant Quartzite of west-central Montana, and shales from western Montana southward to Utah were investigated for their oil shale potential. In the Dillon-Dell area of southwestern Montana, oil shale in the Phosphoria Formation yielded 25 to 30 gallons of oil per ton (104 to 125 liters per metric ton) while shales in the Phosphoria of southeastern Idaho yielded only a trace of oil. With one exception, shales in the Quadrant Quartzite and Three Forks Formation yielded only a few gallons of oil per ton. Samples of Tertiary shales (actually impure lignite) collected along Medicine Lodge Creek yielded as much as 36 gallons of oil per ton (150 liters per metric ton). Several factors make this oil yield figure less attractive than it would appear. Constenius, K.N., and Dyni, J.R., 1983, Lacustrine oil shales and stratigraphy of part of the Kishenehn basin, northwestern Montana: Mineral and Energy Resources, Colorado School of Mines, v. 26, no. 4, 16 p.
The Kishenehn Formation of Oligocene age contains oil shale in the Middle Fork region of the Kishenehn basin of northwestern Montana. The oil shale and sapropelic coals yield from 34 to 155 1/mt (8.1-37.2 gal/ton) of oil by the modified Fischer assay method. It is unlikely that these oil shales will be mined in the near future. Authors show a generalized geologic map and photos of the Heath Formation in central Montana and give oil yields from several sources mostly in the 10 gal/ton (42 1/mt) range or less. The Tyler Formation was determined to have very low oil potential. Authors conclude that in situ retorting and recovery processes are probably best suited for obtaining oil from the Heath Formation.
LJS:bib
Cressman, E.R., and Swanson, R.W., 1964, Stratigraphy and petrology of the Permian rocks of southwestern Montana: U.S. Geological Survey Professional Paper 313-C, 569 p.
This is a comprehensive treatment of the Permian rocks of southwestern Montana including the Phosphoria Formation. The Meade Peak Phosphatic Shale Member and the Retort Phosphatic Shale Member of the Phosphoria Formation contain significant amounts of carbonaceous material. The report includes a number of measured stratigraphic sections. The Gebellini facies of the Woodruff Formation of Devonian age in eastcentral Nevada has potential for shale oil as well as vanadium, zinc, selenium, and molybdenum resources. Oil yields of fresh black rock are as much as 12 gallons per ton (50 liters per metric ton). In unoxidized samples vanadium oxide (V20c) ranges from 3,000 to 7,000 ppm (parts per million), zinc ranges from 4,000 to 18,000 ppm, selenium ranges from 30 to 200 ppm, and molybdenum ranges from 70 to 960 ppm. "Oil shale deposits are present throughout the world in marine, brackishwater, and freshwater sedimentary sequences that range in age from Cambrian to Holocene. Oil shales were deposited on shallow-marine platforms, in geosynclines, and in lagoons that were marginal to both. They also were deposited in lacustrine environments and in environments transitional between paludal and lacustrine."
The oil shale resource investigations conducted by the U.S. Geological Survey in 1977 including future plans are discussed. Most of the research effort is focused on the Piceance Creek basin in Colorado and the Uinta basin in Utah. Individual projects that were active at the time are briefly described. Three general categories of oil shale are carbonate-rich shale, siliceous shale, and cannel shale. The principal environments in which oil shale is deposited are (1) large lake basins; (2) shallow seas on continental platforms and shelves; and (3) small lakes, bogs, and lagoons associated with coalforming swamps. The age and world distribution of oil shale deposits are discussed and illustrated on world maps. The geologic settings favorable for prospecting are described. Some of the largest deposits of oil shale include the Green River Formation of the western U.S., the Devonian black shales of the eastern and central U.S., the Permian Irati Shale of Brazil, and Cambrian deposits of northern Asia.
1976, Geologic setting of oil-shale deposits and world prospects, in Yen, T.F., and Chilingarian, G.V., eds., Oil shale: New York, Elsevier Scientific Publishing Co., p. 13-26. This is the same paper by Duncan (1967 Various shales in New Mexico were tested for their oil shale potential, but no high-grade deposits were found. As much as 5 gallons of oil per ton (21 liters per metric ton) was obtained from samples of highly carbonaceous shale containing thin coal seams in the Sandia Formation of Pennsylvanian age near Lamy, New Mexico. As much as 10 gallons of oil per ton (42 liters per metric ton) was distilled from samples of carbonaceous, coaly shales in the Crevasse Canyon Formation (probably the Gibson Coal Member) of Cretaceous age located east of Pinedale, New Mexico. As much as 5 gallons of oil per ton (21 liters per metric ton) was obtained from the lower part of the Mancos Shale 13 miles (21 kilometers) west of Shiprock, New Mexico. The oil shales of the Monterey Formation of Miocene age located in Santa Barbara County, California, are briefly described. Some of the oil can be removed from the shales by treatment with organic solvents, and some can be removed only by destructive distillation. The average oil yield is about 30 gallons per ton (125 liters per metric ton). The crude oil obtained by distillation is particularly well suited for use as flotation oil in the recovery of sulfide minerals in ores.
Granger, A.E., Bell, M.M., Simmons, G.C., and Lee, Florence, 1957 The distribution of organic matter in potential petroleum source rocks of various lithologic character is investigated. Hydrocarbon, asphalt, and kerogen were analyzed separately and results tabulated. Small but significant amounts of hydrocarbon were found in nearly all samples, while the amount of kerogen dominated in all samples. The Niobrara Formation and the Woodford Shale yielded large amounts of kerogen, a result consistent with their oil shale potential. The lower part of the Tertiary sequence exposed along the east side of the Adobe Range and around the Elko Hills in central Elko County, Nevada contains extensive beds of oil shale. The stratigraphy, structure, mineral potential, and suggestions for prospecting in the area are discussed.
Knutson, C.F., and Dana, G.F., 1983, Developments in oil shale in 1982:
American Association of Petroleum Geologists Bulletin, v. 67, no. 10, p. 2009 Bulletin, v. 67, no. 10, p. -2030 . The specific gravity of oil and oil yield are plotted versus uranium content for six samples of Woodford Shale from Oklahoma. The oil yields for samples that gave a large enough yield for specific gravity determinations range from 11 to 16 gallons per ton (46 to 67 liters per metric ton). Many facts and figures on the oil shale and tar sand industries are presented. The author optimistically contends that the timing may finally be right for the development of a commercial domestic oil shale industry. However, the development of a domestic oil shale industry is no substitute for prudent energy conservation measures. The Meade Peak Member of the Phosphoria Formation contains as much as 8.8 weight percent organic carbon, and the Retort Member of the Phosphoria Formation contains as much as 9.7 weight percent organic carbon. The trace elements silver, barium, chromium, copper, lanthanum, molybdenum, neodymium, nickel, lead, strontium, titanium, vanadium, yttrium, ytterbium, and zinc are found in high concentrations in these units. In some areas petroleum has been generated within the Retort and Meade Peak Members and has either migrated or been metamorphosed.
McAuslan, E.R., 1959, In the Niobrara, oil may yield to special methods: Oil and Gas Journal, v. 57, no. 38, p. 158-160, 162-164, 166.
The Niobrara Formation of Cretaceous age is probably a source rock for petroleum and a low-grade oil shale locally. Oil yields of 10-12 gallons per ton (42-50 liters per metric ton) are reported, but sample locations are not given.
McKee, R.H., and Goodwin, R.T., 1923, A chemical examination of the organic matter in oil shales: Colorado School of Mines Quarterly, v. 18, no. 1, supplement A., 41 p.
In this study four procedures were used to determine the nature of kerogen: (1) chemical analysis, (2) the effect of heat, (3) the action of solvents and reagents, and (4) microscopic examination. Chemical analysis of oil shales shows that there is considerable variation in organic constituents depending on geographic locality and geologic formation. The thermal decomposition of kerogen does not take place directly, but an intermediate product forms that decomposes to form oil. Solvents and reagents have only minor effects on oil shale while pyrolysis is the only effective means of releasing oil from oil shale. All of the organic matter identifiable under the microscope consists of plant material and its degradation products.
McKelvey, V.E., Williams, J.S., Sheldon, R.P., Cressman, E.R., Cheney, T.M., The oil shale resource potential of Nevada is small compared to that of the Green River Formation in Colorado, Utah, and Wyoming. Nevertheless, the Elko Formation in northeastern Nevada has significant oil shale potential that was evaluated by shallow core-drilling near Elko, Nevada. Oil shale resource estimates in the Elko area were calculated at 228 million barrels (36 million cubic meters) of oil from beds averaging at least 15 gal/ton (63 1/mt) over a thickness of 15 feet (5 meters). The Vinini and Woodruff Formations are considered petroleum source rocks in Nevada, and they are also potential oil shales. Locally, these units have high concentrations of heavy metals such as vanadium, selenium, and zinc.
An annotated bibliography for oil shales in northeastern Nevada and Fischer assays of oil yields are appended.
Newton, V.C., Jr., and Lawson, P.F., 1974, Oil shale: Ore Bin, v. 36, no. 8, p. 129-143. Authors briefly discuss the nature of oil shale, its distribution, its history of commercial development, the status of U.S. oil shale development, the effects of development on the environment, and the outlook for the industry. "A small deposit of oil shale occurs in the Western Cascades of Oregon 10 miles northeast of Ashland. The deposit is interbedded with tuff of the Little Butte Volcanics of Oligocene age and represents a local fresh-water lake environment where organic material and volcanic ash accumulated. Assays by the U.S. Bureau of Mines yielded 35 to 37 gallons of oil per ton of shale. The extent of the deposit is not known but is probably small and is estimated to contain less than a million tons of kerogen shale." Noble, L. Geologic relations from two measured sections and other outcrops of the Tatman Formation of Eocene age in the southern part of the Bighorn basin in Wyoming are discussed. Oil yields from the Tatman were determined to be as much as 13.8 gallons per ton (57.5 liters per metric ton).
Rubel, A.C., 1955, Shale oil--as a future energy resource: Mines Magazine, v. 45, no. 10, Author describes what he believes is the future of the oil shale industry, especially that of the Green River Formation. Report includes a map of the conterminous U.S. and Alaska showing the principal oil shale resources. A tabulation of the known oil shale formations of the U.S. with information on oil yield and references are also included.
Ruhl, Walter, 1982, Tar (extra heavy oil) sands and oil shales, in Beckmann, Heinz, ed., Geology of Petroleum, Vol. 6: Stuttgart, Ferdinand Enke Publishers, p. 74-149.
Report covers the history, geology, geochemistry, recovery, above-ground processing, refining and upgrading, world occurrences, environmental aspects, and resources of oil shale. Oil shales in California, Alaska, Wyoming, Colorado, Nebraska, South Dakota, and Nevada are briefly mentioned. The chemical composition of oil shale kerogen is discussed in some detail. "The quantity of recoverable shale oil known to occur in Kansas, calculated by using only shales that yield 5 or more gallons per ton and using the area of those shales lying under 100 feet or less of overburden, is about 3 billion barrels." This is a general treatment of oil shales including mining, retorting, resources, byproduct and coproduct relationships, economics, and technology. The supply of water may be a major limiting factor on the development of western U.S. oil shales. Server, G.T., Jr., and Soloman, B.J., 1983, Geology and oil shale deposits of the Elko Formation, Pinon Range, Elko County, Nevada: U.S. Geological Survey Miscellaneous Field Studies Map MF-1546, scale 1:24,000.
Runnels
The Elko Formation was mapped over a small area in the Pinon Range of northeastern Nevada. It is divided into four informal members: (1) a tuff and dolomitic shale member, (2) an oil shale, limestone and dolomitic shale member, (3) a limestone and shale member, and (4) The Elko Formation of Eocene and Oligocene(?) age is formally introduced in this report and includes the oil shales south of Elko, Nevada. A stratigraphic type section and upper and lower contacts are described. The Elko Formation is somewhat younger than the Green River Formation of Colorado, Utah, and Wyoming.
The exact extent of the oil shale is unknown, but it occurs scattered over a north-south area of at least 100 km (60 mi) and an east-west area of about 33 km (20 mi).
The oil shales of the Elko Formation could have been a source rock of petroleum.
_____1978, Geologic map of the Carlin-Pinon Range area, Elko and Eureka Counties, Nevada: U.S. Geological Survey Miscellaneous Investigations Map 1-1028, scale 1:62,500.
Map shows outcrops of the Elko Formation, which contains oil shale. This map covers the same area as the geologic map in Smith and Ketner (1976) The Elko Formation is divided into four informal members that are mapped south of Elko, Nevada. Two of the members contain oil shale that was mined during [1916] [1917] [1918] [1919] [1920] [1921] [1922] [1923] [1924] . Oil yields as high as 34.9 gallons of oil per ton (145.5 liters per metric ton) were obtained from weathered samples. "Much more oil shale may be present in downdropped structural basins than is indicated by the much faulted and eroded oil shale outcrops exposed in the Elko area." ____1982b, Geologic map and oil shale deposits of the Elko East Quadrangle, ETko County, Nevada: U.S. Geological Survey Miscellaneous Field Studies Map MF-1421, scale 1:24,000.
Authors divide the Elko Formation into six informal members and map them southeast and east of Elko, Nevada. This is a continuation of the geology of the Elko West Quadrangle of Solomon and Moore (1982a) . "The richest bed of oil shale, which is about 7 in. thick, yields 85.5 gallons of oil per ton." Stanfield, K.E., and Frost, I.C., 1949, Method of assaying oil shale by a modified Fischer retort: U.S. Bureau of Mines Report of Investigations 4477, 13 p.
"A method of assaying oil shale is presented that utilizes a modification of the Fischer cast-aluminum retort used commonly for low-temperature coal carbonizations. The proposed method has several immediate advantages over the former Bureau of Mines oil-shale assay method and is recommended for oil-shale assays until a better method is developed. The report shows the effects of different experimental conditions upon oil yields by the modified Fischer retort and a comparison of oil yields by this method with those obtained by the former Bureau of Mines assay method." Swanson, V.E. , 1960, Oil yield and uranium content of black shales: U.S.
Geological Survey Professional Paper 356-A, 44 p.
"Some black shales contain as much as one hundred times more uranium than other common sedimentary rocks, and they also contain organic matter that will yield oil when subjected to destructive distillation. Such shales may be referred to as uraniferous oil shales and have been considered as a potential source of both oil and uranium; oil yield and uranium determinations on more than five hundred samples of these shales are recorded in this report.
"The fraction of the total organic matter in a shale genetically responsible for most of the uranium is of the humic type. Though this same fraction contributes a small part, it is the sapropelic type of organic matter that is the source of most of the oil extractable from a shale." Tailleur An oil shale is virtually any rock that will yield oil in commercial quantities by pyrolysis, a heat treatment to about 500 °C. Generally speaking, a petroleum source rock contains less organic carbon than oil shale, but an oil shale, if sufficiently buried, can be a petroleum source rock. Some properties of oil shales and related shale oil are tabulated for various countries. Sulfur and nitrogen are abundant in shale oil. Oil shale from along the north flank of the Brooks Range in northern Alaska is part of a complexly folded rock sequence that is Late Jurassic to Early Cretaceous in age. It includes (1) tasmanite, (2) a peculiar rubbery shaly coal, (3) a kind of cannel coal, (4) another impure coal of different nature, and (5) black shale. The purer tasmanite yields 75 to 144 gallons of oil per ton (313 to 600 liters per metric ton) and the other oil shales yield lesser but significant amounts of oil. Certain metal concentrations are larger than normal for these rocks. Oil yields and geochemistry of samples of oil shale taken from the central and western Brooks Range of northern Alaska are discussed. Oil yields of samples taken from the central Brooks Range are from about 3 to 144 gallons per ton (13 to 600 liters per metric ton). The amounts of zinc, molybdenum, vanadium, and other metals in these rocks are anomalously high compared to other oil shales. Oil yields of samples taken from the western Brooks Range are relatively low with a maximum of 24 gallons per ton (100 liters per metric ton).
U.S. Geological Survey, Oil shale; a potential source of energy: 15 p. "In the United States alone shale oil resources probably exceed 2,000 billion barrels of petroleum (42 U.S. gallons per barrel). Oil shale is a very fine-grained sedimentary rock that contains enough organic matter (hydrocarbon) to yield 10 gallons or more oil per ton when properly processed. The burnable portion of oil shale is mostly solid organic matter composed of carbon, hydrogen, oxygen, and usually small amounts of nitrogen and sulphur. The shale also contains large amounts of incombustible minerals such as calcite, dolomite, clay, quartz, and feldspar which generally make up more than half the rock. Oil shale accumulated as layers of organic ooze and mud on the bottoms of ancient lakes, ponds, lagoons, and shallow seas, in places where plant or animal life was abundant." This is a good general introduction to oil shale. This is a general treatment of oil shales in the states of Colorado, Idaho, Montana, Nevada, Utah, and Wyoming. Oil shales are present in northwestern Colorado in the Green River Formation in the Piceance Creek basin, Battlement Mesa, and Grand Mesa. In Idaho black shales of the Phosphoria Formation are locally oil shales. In Montana the Quadrant Formation, the Three Forks Formation, the Phosphoria Formation, and certain Tertiary beds were examined for oil shale potential. In Utah there are oil shales of the Green River Formation in the Uinta basin. In southwestern Wyoming oil shales occur in the Green River Formation in the Green River basin and the Red Desert basin. There is also some oil shale potential in the Phosphoria Formation in parts of Wyoming.
Results of distillation tests for the various stratigraphic units are given.
Yen, T.F., 1976, Oil shales of United States--a review, in Yen, T.F., ed., Science and technology of oil shale: Ann Arbor, Ann~~A~rbor Science Publishers, Inc., p. 1-17.
Author gives composition and oil yield for oil shales from Kiligwa River, Alaska, lone, California, and Shale City, Oregon in addition to other localities. Colored photomicrographs of oil shales and coal are included to illustrate similarities between the two. Oil shale retorting technologies are briefly discussed.
Yen, T.F., and Chilingarian, G.V., 1976, Introduction to oil shales, in Yen, T.F., and Chilingarian, G.V., eds., Oil shale: New York, Elsevier Scientific Publishing Co., p. 1-12.
This is a general introduction to the subject of oil shale including origin, types of oil shale, potential resources, surface retorting, in-situ processing, and biochemical recovery. Biochemical recovery involves the degradation of inorganic components of oil shale so that the organic components can be separated. Unfortunately bioleaching requires large amounts of water, a commodity in short supply in some areas.
